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INTRODUCTION
Human immunodeficiency virus (HIV) infection progressing to AIDS is still considered a major public health concern worldwide. According to the most recent statistics from the Joint United Nations Program on HIV/AIDS (UNAIDS), approximately 33 million people are living with HIV, 67% of whom live in sub-Saharan Africa. Despite greater knowledge and awareness, the HIV/AIDS pandemic continues unabated throughout all the regions of the world. One of the main problems of HIV infection is that various opportunistic pathogens and the development of malignancies may result in different diseases, with lymph node enlargement, lymphadenitis, being a very common symptom. 1, 2 Tuberculosis is one of the main causes of lymphadenitis in HIV-positive patients and the risk of extrapulmonary tuberculosis and mycobacteremia increases as immunosuppression advances, particularly in developing countries. [3] [4] [5] It is estimated that around 500,000 TB deaths occur in HIV-positive individuals worldwide. 6 In Brazil, 94,000 new cases of TB were estimated to have occurred in 2009, nearly 42 cases per 100,000 individuals. In the state of Amazonas and in the city of Manaus, this incidence is particularly high, with rates of 73.5 and 81.7 per 100,000 individuals, respectively, in 2006. 7, 8 Excisional lymph node biopsy, followed by histopathology, acid-fast staining and mycobacterial culture, is the diagnostic procedure of choice. Sensitivity with rapid direct microscopy is low and culture takes 3 to 6 weeks. Therefore, protocols designed to explore complementary diagnostic techniques for TB diagnosis are necessary, particularly in health settings in which the prevalence of HIV/TB co-infection is high. [9] [10] [11] [12] In this regard, in-house conventional polymerase chain reaction (PCR) based on amplifying the IS6110 insertion element can be used to amplify Mycobacterium tuberculosis (MTB) DNA, offering the potential of a sensitive, specific and rapid diagnostic tool for either ruling out or considering pulmonary or extra pulmonary tuberculosis. [13] [14] [15] The present study was conducted in a hospital setting in the Amazonas Foundation of Tropical Medicine [Fundação de Medicina Tropical Amazonas (FMTAM)], where the incidence of both TB and HIV is high. A protocol was designed to investigate the effectiveness of combining PCR with histopathological examination, Ziehl-Neelsen staining and culture in Lowenstein-Jensen medium to diagnose TB using lymph node excisional biopsies.
METHODS
Patients
From March 2007 to March 2009, samples of 104 HIV-positive patients submitted to lymph node biopsy performed by the same surgeon at the Amazonas Foundation of Tropical Medicine, Manaus, Amazonas, Brazil, were evaluated to determine the etiology of the condition. All patients submitted to the procedure had been previously investigated by an infectious diseases specialist and no diagnosis had been reached. The study protocol was approved by the institution's internal review board (#756-10) and all patients enrolled in the study signed an informed consent form.
Surgical Technique
All biopsies were performed in the surgical theater of the institute. Patients were placed in the supine position and antisepsis of the region in which the lymph node was located (cervical, inguinal or axillary) was performed. The surgical field was defined, local anesthesia was administered and a skin incision of approximately 3 cm was made. Subsequently, the subcutaneous tissue was dissected and the lymph node was repaired using 2.0 sutures to avoid excessive manipulation. After resection of the ganglion, the subcutaneous tissue was pulled together and closed using 3.0 nylon sutures. Each sample was divided into two, with one half being sent for histopathology, while the remaining half was divided into three equal parts and sent for PCR, Ziehl-Neelsen staining and microbiology.
Histopathology
Samples were fixed and immunostaining was performed as previously described 16 . Briefly, all samples were fixed in phosphate-buffered paraformaldehyde solution (4%), embedded in paraffin and stained with hematoxylin-eosin (H&E) and Wade, and subsequently, when necessary, with Wade Grocott, periodic acid-Schiff for granulomatous diseases. In certain cases, when lymphoma was suspected, immunohistochemistry was performed according to the technique defined by Dabbs et al. 16, 17 Mycobacterial staining and culture A fragment of each tissue sample (lymph nodes) was stored in vials with sterile saline. For the primary isolation procedure, fragments were transferred to a sterile mortar containing 5 ml of sterile saline and then macerated with the use of a pestle. The suspension obtained was transferred to a 50 ml tube and centrifuged at 3,000g for 15 minutes at 4° C. The supernatant was discarded, but approximately 2 ml of the resulting solution was used to re-suspend the pellet, and 200 ul aliquots were plated in Lowenstein Jensen culture medium, incubated at 37 °C and observed weekly for a period of 60 days.
Slides for Ziehl-Neelsen staining were then prepared according to the Brazilian Ministry of Health guidelines. The niacin test was performed to identify M. tuberculosis in accordance with a recommendation contained in the Handbook of Tuberculosis Bacteriology. 18, 19 Sample storage, DNA extraction and PCR
The tissue samples were stored in 200 uL of TE buffer. Extraction of mycobacterial DNA was performed using the QIAamp DNeasy Blood & Tissue (QIA-GEN) kit in accordance with the manufacturer's instructions. Polymerase chain reaction (PCR) was performed using primers that amplify a fragment of 123 bp of the IS 6110 region (sense: 5-CCT AGC GCG TAG GCG TCG G-3 and antisense: 5-CTC GTC CAG CGC CGC TTC GG-3). The cycling conditions were: 95 °C for 5 minutes followed by 35 cycles of 95 °C for 30 seconds, 60 °C for 1 minute and 72 °C for 30 seconds, and a final extension at 72 °C for 5 minutes (Mastercycler -EP Gradient S ® Eppendorf). The PCR products were analyzed in 2% agarose gel stained with ethidium bromide, visualized in transluminator UV and photographed using a digital photo documentation system (T26M EasyDOC 100 ® BioAgency). All samples were tested for �-actin to evaluate inhibition of the PCR reaction. Primers and conditions were used as follows. 20 All samples tested positive at �-actin PCR. Culture samples were used to obtain positive controls. Three colonies were placed in a Falcon tube containing 5 mL of Tris-HCl buffer and inactivated by boiling for 10 minutes prior to extracting mycobacterial DNA as previously described.
RESULTS
Patients' demographic data
Over a two-year period, 104 HIV-positive patients were submitted to lymph node excisional biopsy at the Amazonas Foundation of Tropical Medicine. Of these, 77% (80 patients) were male and 23% (24) female. The mean age of patients was 32 years (range 15-72 years) and the male to female ratio was 3.3 to 1. The most common biopsy site was the cervical region (72%; n=75), followed by the inguinal region (24%; n=26), the axillary region (1.9%; n=2) and the forearm (0.9%; n=1). Table 1 shows the most common diagnosis defined at histopathology. As expected, the disease most commonly found was tuberculous lymphadenitis (26%), although the majority of samples remained undiagnosed (nonspecific lymphadenitis, 36%). The next most common diagnoses were Hodgkin's (5.7%) and non-Hodgkin's lymphoma (4.8%), histoplasmosis (8.7%) and Kaposi's sarcoma (2.8%).
Samples were also processed for microbiological culture, staining for mycobacteria and PCR. This integrated approach makes it possible to fill in the gaps that exist in the different evaluation methods when each one is used individually. Table 2 shows the results of each method compared to PCR.
According to the diagnostic resources available, mycobacteria staining (Ziehl-Neelsen staining) resulted in positivity in 13 out of 104 cases (12.5%). When positivity with PCR was compared with that achieved with mycobacteria staining (Ziehl-Neelsen-positive), 11 samples tested positive with both techniques (PCRpositive and Ziehl-Neelsen-positive). Two samples tested positive with Ziehl-Neelsen staining, but were negative according to PCR (Table 2) . Sensitivity and specificity, therefore, were 84% and 81%, respectively, although in a further analysis of these two samples, one case was found to consist of nontuberculous mycobacteria, as revealed by culture in LowensteinJensen medium, while the other consisted of a case of leprosy, as defined by histopathology (Table 3) .
When tissue suspensions were cultured in Lowenstein-Jensen medium, 11 samples tested positive, these samples also being found to be positive by PCR. In addition, another 3 samples were found to be PCR-negative and Lowenstein-Jensen-positive, while 2 consisted of nontuberculous mycobacteria (NTM) (Mycobacterium sp.), which were also diagnosed as tuberculous lymphadenitis (Table 3 ). The remaining sample tested positive for M. tuberculosis in Lowenstein-Jensen culture and also tested positive for tuberculous lymphadenitis at histology (Table 3) . Therefore, sensitivity and specificity were 78% and 81%, respectively (Table 2) . Nevertheless, in this case, analysis using other methods confirmed one falsenegative case at PCR. On the other hand, the other two PCR-negative cases (NTM in Lowenstein-Jensen culture and consistent with tuberculous lymphadenitis at histopathology) are very suggestive of false-positive results at histopathology.
In addition, 11 samples tested negative for TB at PCR and positive at histopathology (Table 2) , resulting in poorer sensitivity (62%) and better specificity (84%). However, only three of these samples actually tested positive in culture in Lowenstein-Jensen medium for NTM (2) and MTB (1), as shown previously. All the other samples (8) tested negative with all the techniques used (Table 3) . Conversely, 12 samples were PCR-positive but were found to be negative at histopathology. These PCR-positive results consisted of: one case of histoplasmosis, one case of lymphoma, three samples grown in Lowenstein-Jensen culture and six samples with a histological result compatible with non-specific lymphadenitis and one sample sug-gestive of mycobacterial infection as ZN+ that seems very likely as TB (Table 3) .
Finally, a combined analysis was conducted, with a diagnosis of tuberculosis being made when positivity was found either in Lowenstein-Jensen culture or at histopathology. The results of this analysis show that 19 samples were PCR-positive, a result that was also confirmed with the other techniques used. On the other hand, nine samples were PCR-positive but negative in Lowenstein-Jensen culture and at histopathology. These nine samples would be classified as false-positive results (Table 4) . Analyzing these results, 6 out of 9 samples were diagnosed as nonspecific lymphadenitis. The other three PCR-positive cases that could not be included as TB were suggestive of histoplasmosis, hyperplasia and lymphoma at histology, as described previously (Table 3) . Overall, sensitivity was 63% and specificity 87%.
DISCUSSION
Tuberculosis has increased dramatically since the advent of HIV infection, and extrapulmonary involvement may be found in over 50% of patients with concurrent AIDS and tuberculosis. These demographic data are similar to findings reported from previous studies conducted in Brazil, but differ from data reported in the USA, where a higher prevalence was found among females. 10, 21 Extra-pulmonary TB is the principal cause of HIV-associated lymphadenitis, although rates vary in the different countries with different prevalence rates of TB, ranging from 30% to 80% of cases. 22 In Brazil and India, rates of extra-pulmonary TB of around 30% have been reported, which are in agreement with the findings of the present study. 3-5;8 The 104 samples analyzed in the present study were from patients in whom a diagnosis of tuberculosis could not be made using more conventional methods; i.e. x-ray, clinical findings and PPD were all inconclusive, a clear indication for performing lymph node resection for diagnostic purposes. Moreover, this protocol in which fresh lymph nodes were used provides new insights into the sensitivity and specificity for a conclusive diagnosis of TB in HIV patients with lymphadenitis. Along with the freshness of the samples, the use of concomitant classical ZiehlNeelsen staining, Lowenstein-Jensen culture and histopathological examination in addition to PCR, provi- ded a thorough overview of the potential of these methods, particularly in association with PCR for the diagnosis of TB. For example, two false-negative results were found in the PCR-negative and Ziehl-Neelsenpositive samples; however, when other techniques were used to evaluate these two samples, the picture became clear. In fact, one sample consisted of NTM as confirmed by Lowenstein-Jensen culture, while histopathology diagnosed the other case as lepromatous leprosy that, as expected, did not grow in culture. Therefore, an integrated approach using ZiehlNeelsen, Lowenstein-Jensen culture and histopathology in addition to PCR should increase the sensitivity of the PCR assay by 100% compared to that achieved when Ziehl-Neelsen and PCR are used alone. Indeed, the use of fresh, whole lymph nodes indicates that the sensitivity achieved in this study is as high as that reported in the literature from studies conducted in the Amazon region to investigate the IS6110 region. An evaluation of PCR in paraffin-embedded ganglions to detect MTB resulted in positivity of only 40% in Ziehl-Neelsen-positive samples. 16 When nested PCR was used to identify MTB positivity in skin biopsies of suspected cutaneous TB, PCR positivity in ZiehlNeelsen positive samples was 66%. 15 The present results suggest a positivity (sensitivity) of 63% when compared with a combination of Lowenstein-Jensen culture and histopathology ( Since a conventional, low-cost PCR was used in this study, it is likely that inhibition or even a low detection range of the PCR reaction might be the cause. Optimizing a real-time PCR reaction using primers and probes in this region may improve mean sensitivity rates and also increase detection of resistant forms in multiplex assays. 23, 24, 25 Nevertheless, each case should clearly be screened using a wide portfolio of methods in view of the increasing capacity of these techniques to reach a diagnosis. For example, PCR together with culture in Lowenstein-Jensen medium and Ziehl-Neelsen staining was able to detect one case that was misdiagnosed at histopathology. A diagnosis of mycobacterium avium-intracellulare complex is unlikely since PCR and culture in Lowenstein-Jensen medium were positive for TB. A case of co-infection (TB-histoplasmosis) was also found, as well as another case of lymphoma and TB. It is noteworthy that diagnosis following histopathology was inconclusive in 6 cases (non-specific lymphadenitis); however, these samples were PCRpositive. As a matter of fact, three of these six patients were followed up and developed TB after 3-6 months. They were submitted to anti-tuberculosis treatment (ATT) and made a full recovery. In view of these results, it is reasonable to conclude that the use of PCR in fresh samples increased the rates of TB detection (and possibly early HIV-associated TB) in this study and should therefore be implemented as routine practice in laboratories for the diagnosis of lymphadenitis. Indeed, in India, the use of PCR to confirm histopathological findings showed that 3/20 PCR-positive samples could also be considered false-positives; however, following ATT treatment patients made a full recovery. 26 Moreover, reports from a study conducted in Thailand using paraffin-embedded ganglions from patients with necrotizing non-granulomatous lymphadenitis suggested that PCR was able to detect six positive samples that were not formally included as tuberculosis by any other method. 27 Taking all these data into consideration, PCR appears capable of successfully diagnosing early cases of TB, which is particularly important considering that extrapulmonary TB is the principal cause of HIV-associated lymphadenitis. Although this protocol is laborious and requires the support of surgical facilities, the combination of histopathological examination, microbiology and PCR assays is extremely robust. The accuracy of PCR was 80% compared to the combined classical methods for TB diagnosis. The use of this integrated approach that includes PCR to screen patients with lymphadenitis for tuberculosis would help define diagnosis, thus reducing multidrug resistance and therapeutic failure. 28, 29 PCR has been proven to be cost-effective at a Brazilian TB/HIV referral hospital. The costs per correctly diagnosed case were around US$ 50 and US$ 13 for an acid-fast bacillus (AFB) smear plus culture and AFB smear plus PCR dot-blot, respectively. 13 Therefore, it is highly cost-effective to use PCR as routine practice in a hospital-based molecular pathology laboratory.
In conclusion, these results show that the use of an integrated approach consisting of the implementation of low-cost PCR together with classic microbiological assays and histopathology can significantly improve accuracy in the detection of M. tuberculosis infection, enabling treatment to be implemented earlier, improving the quality of life of HIV patients, and reducing the duration of hospital stays, relapses and drug resistance.
